We present the optical-to-submm spectral energy distributions for 33 radio & mid-IR identified submillimetre galaxies discovered via the SHADES 850µm SCUBA imaging in the Subaru-XMM Deep Field (SXDF). Optical data for the sources comes from the Subaru-XMM Deep Field (SXDF) and mid-and far-IR fluxes from SWIRE. We obtain photometric redshift estimates for our sources using optical and IRAC 3.6 and 4.5 µm fluxes. We then fit spectral energy distribution (SED) templates to the longer wavelength data to determine the nature of the far-IR emission that dominates the bolometric luminosity of these sources. The infrared template fits are also used to resolve ambiguous identifications and cases of redshift aliasing. The redshift distribution obtained broadly matches previous results for submm sources and on the SHADES SXDF field. Our template fitting finds that AGN, while present in about 10% of our sources, do not contribute significantly to their bolometric luminosity. Dust heating by starbursts, with either Arp220 or M82 type SEDs, appears to be responsible for the luminosity in most sources (23/33 are fitted by Arp220 templates, 2/33 by the warmer M82 templates). 8/33 sources, in contrast, are fit by a cooler cirrus dust template, suggesting that cold dust has a role in some of these highly luminous objects. Three of our sources appear to have multiple identifications or components at the same redshift, but we find no statistical evidence that close associations are common among our SHADES sources. Examination of rest-frame K-band luminosity suggests that 'downsizing' is underway in the submm galaxy population, with lower redshift systems lying in lower mass host galaxies. Of our 33 identifications six are found to be of lower reliability but their exclusion would not significantly alter our conclusions.
INTRODUCTION
It is now clear that dust enshrouded galaxies play a major role in galaxy evolution. The discovery of the cosmic infrared background (CIB) (Puget et al., 1996; Fixsen et al., 1998) demonstrated that roughly 50% of the energy generation in the history of the universe took place in dusty, obscured regions, while deep submm surveys (Smail et al., 1997; Hughes et al., 1998; Eales et al., 2000; Scott et al., 2002) have identified brighter members of the population responsible for some of this background. These submillimetre galaxies (SMGs) are thought to be the high redshift equivalents of local ultraluminous infrared galaxies (ULIRGs -Sanders & Mirabel, (1996) ; Lonsdale et al. (2006) , and references therein), lying at redshifts z ∼2.5 , hosting starbursts forming stars at 10 2 -10 3 M⊙yr −1 . These objects are likely to be the progenitors of massive elliptical galaxies seen in the local universe today (Blain et al., 2002, & references therein; Farrah et al., 2006; Takagi et al. 2004) . Despite the rapid development of submm astronomy over the last decade numerous problems remain in our understanding of the sources responsible for the CIB. Many of these problems could be addressed if we had a better idea of the broad band spectral energy distribution (SED) of SMGs, from optical through the mid-IR and into the far-IR.
The role of AGN in the SMG population is currently unclear. It has generally been assumed that the vast majority of the dust heating in these systems, which produces their phenomenal far-IR/submm luminosity, is due to a massive starburst. There is a growing body of evidence, though, that many SMGs might also host a supermassive black hole (SMBH) and an active nucleus. Analysis of the X-ray properties of radio selected, spectroscopically identified SMGs lying in the 2Ms Chandra Deep Field North (CDF-N) by Alexander et al. (2005) show that 75% of these sources have AGN powered X-ray emission. Many of these sources are heavily obscured (NH > 10 23 cm −2 ). Meanwhile, near-IR spectroscopy has shown that at least 40% of SMGs contain an AGN (Swinbank et al., 2004) , a higher fraction than is seen in local ULIRGs, based on rest-frame Hα spectroscopy. We know from more local observations that sufficiently obscured AGN need not be apparent in broad Hα, and that the AGN fraction in ULIRGs is luminosity dependent (eg. Farrah et al., 2003) so these two results are not in contradiction. The energetic importance of AGN in these systems, though, remains unclear. Alexander et al. (2005) conclude that starbursts, rather than AGN, are the dominant power source in most of their objects. However, Alexander suggests that the X-ray/far-IR ratio in SMGs is less than that found for typical QSOs, and that at least some SMGs are largely AGN powered. Furthermore, AGN dominated sources with Compton thick obscuration (NH > 10 24 cm −2 ) (eg. Iwasawa et al., 2005) may also exist among the SMG population, similar to 'Quasar 2's seen in the SWIRE survey (Polletta et al., 2006) . Direct detection of the AGN emission in such objects will be very difficult. However, the energetic contribution of any obscured AGN can be assessed by examining broadband spectral energy distributions (SEDs) in the rest-frame near-, mid-and far-IR (eg. Farrah et al., 2003) .
The derivation of the far-IR luminosity in these objects is also an issue which can be addressed by broad band SED studies. The emitted-frame far-IR emission peak lies between 60 and 150µm for all reasonable dust temperatures (∼50-20K). Even at z=2.5, this peak is only just accessible to ground-based observations for the coldest feasible dust. The determination of the dust temperature in SMGs is thus very difficult, and yet the derived SMG luminosity is a strong power of temperature. Thus if dust temperatures are uncertain to just a factor of 2, the SMG luminosity can be uncertain by more than an order of magnitude. The addition of data points, or simply flux limits, at 70 and 160µm in the observed frame will provide useful new constraints to the underlying dust temperature and start to solve this problem. Pope et al. (2006) , for example, use Spitzer data in the GOODS-N region combined with the GOODS-N 'supermap' to conclude that submm sources on average have a cooler dust temperature than local ULIRGs. Similar conclusions are reached by Kovacs et al. (2006) and Chapman et al. (2005) . This leads to an over-estimate of submm source bolometric luminosities if a local ULIRG SED is assumed. Moreover, have suggested that some SMGs have a much cooler dust temperature than would be the case if they were simply high-redshift ULIRGs. These systems would be better fitted by a cool (T∼20-30K) cirrus-like SED, implying a lower redshift and less extreme star formation rate and far-IR luminosity than would otherwise be thought. The overall range of galaxy properties in the SMG population is also still unclear. While the bulk appear to lie at z∼2.5, as found by the spectroscopic followup of radio-identified SMGs by Chapman et al. (2005) , even in that work several much lower redshift sources were found (eg. SMM J030226.17+000624.5, aka. CUDSS 3.8, which has a spectroscopic redshift of 0.088 ). Some of these low redshift objects may in fact be foreground gravitational lenses of background SMGs (Chapman et al., 2002 ). An examination of the optical-to-far-IR SED of such sources would allow us to say whether a lensed background source is likely, or if the observed submm emission could be accounted for by the presence of an unexpectedly large mass of cold, cirrus-type, dust at low redshift.
Despite much detailed study, the overall stellar population in SMGs remains difficult to trace since the far-IR luminosity is dominated by high mass young stars. Knowledge of this is important since it will indicate the evolutionary status of these systems. This also relates to the initial mass function (IMF) of the underlying starburst. Baugh et al. (2005) have suggested that starbursts SMGs have an IMF skewed to high mass so that the overall stellar mass will be less than otherwise expected. This is the only way in which the SMGs can be accounted for in their semi-analytic models of galaxy formation. Since SMGs are far away and intrinsically optically faint, the presence of lower mass stars is poorly constrained by optical and near-IR observations. The flux received in the optical corresponds to the rest-frame UV and will also be dominated by young stars. The 1.6µm peak in the SED of normal galaxies due to the bulk of the stellar population (Sawicki, 2002 ) is redshifted to 5.6µm at z∼ 2.5 (Simpson & Eisenhardt, 1999) . Observations in the mid-IR, from 3 to 8 µm are thus ideally suited to placing constraints on the overall stellar mass of these systems (see eg. Borys et al., 2005) .
The Spitzer Space Observatory, with instruments operating from 3.6 to 160µm (Werner et al., 2004) can provide the necessary mid-to-far-IR fluxes required to fill the SED gap between observed frame wavelengths of 2µm and 850µm required by the studies described above. SED fitting (eg. Rowan-Robinson et al, 2003) over this broad wavelength range can determine the role of obscured AGN (Farrah et al., 2003) , examine the nature of the dust emission, and examine the bulk of the stellar population. These same SED fitting methods are also capable of providing good photometric redshift estimates Babbedge et al., 2006) , especially if deep optical and/or near-IR data are also available. Previous attempts at photometric redshift estimation for SMGs have set only weak constraints on redshifts either using optical and near-IR data (eg. Clements et al., 2004) or using a combination of radio and submm data (eg. Aretxaga et al., 2007) . The addition of Spitzer data allows for much more accurate redshift estimation, possibly as good as ∆z/(1 + z) ∼ 0.04 (Rowan-Robinson et al 2007) . The efforts necessary to acquire spectroscopic redshifts for large samples of SMGs (e.g. Chapman et al. 2005 ) might thus be avoided.
Spitzer studies of SCUBA sources to date have generally been based on relatively small samples of sources which are often, as here, pre-selected to have radio associations. Ivison et al. (2004) looked at a sample of 9 MAMBO selected sources (1.2mm) of which 4 were also SCUBA sources, while Frayer et al (2004) examined radio sources in the Spitzer First Look Survey of which 7 had > 3σ detections with SCUBA. Egami et al. (2004) similarly looked at radio selected sources, this time in the Lockman Hole East GTO survey, of which 7 were SCUBA sources. In all cases the SCUBA sources were found to have properties similar to those expected of z=0.5-4 far-IR luminous galaxies. Mid-IR colours were used by Ivison et al. and Frayer et al. to identify AGN powered sources, indicating that about 75% of the SCUBA sources are starburst powered, a result confirmed by IRS mid-IR spectroscopy of smaller samples (eg. Valiante et al., 2007 ). An interesting aspect of the Ivison et al. work is that nearly all of the MAMBO/SCUBA sources are identified at 24µm at flux limits comparable to those of the SWIRE survey discussed here. The largest Spitzer study of submm sources to date is that of Pope et al. (2006) using the GOODS-N Spitzer data and the GOODS-N submm 'super-map', which combines photometry, jiggle-map and scan-map submm observations into a single large field (165 arcmin 2 ) (Borys et al., 2003) . Of the 35 submm sources in the 'super-map' 21 have secure Spitzer identifications with plausible counterparts for another 12. An alternative, statistical approach to examining the submm properties of Spitzer sources was conducted by Serjeant et al. (2004) , who stacked SCUBA data from the 8mJy survey (Scott et al., 2002) at the positions of Spitzer sources in the Early Release Observations (Egami et al., 2004; Huang et al., 2004) to produce average submm properties for various classes of Spitzer object. Statistical detections are made for 5.8 and 8 µm, and marginally for 24µm sources. Dye et al. (2006) produce similar results for objects in the CUDSS survey. In summary, our understanding of the properties of submm sources in the Spitzer wavebands is at a relatively early stage. These results so far confirm that the submm population is made up of objects not too dissimilar from local ULIRGs.
The rest of the paper is structured as follows. In Section 2 we provide a brief summary of the survey data that is the basis for the current paper. Section 3 describes our results for identifying SHADES/radio sources with SWIRE sources, including notes on individual sources of interest. Section 4 describes the methods we use to estimate redshifts and determine the nature of the source SEDs, and presents the results for this analysis. In section 5 we discuss the implica-tions of these results, and we draw our conclusions in section 6. We assume the standard 'concordance model' cosmology throughout ie. H0 = 70km s −1 Mpc −1 , ΩM = 0.3, ΩΛ = 0.7.
THE SHADES, SWIRE AND SXDF SURVEYS
The SHADES survey (Mortier et al. 2005; Coppin et al. 2006 ) is the largest deep, blank field submillimetre survey conducted to date. The final survey was designed to cover two 0.25 sq. deg. fields to a 3σ sensitivity of 8mJy using the SCUBA instrument at JCMT in grade 2-3 weather (τCSO = 0.05 − 0.1).The two survey regions are in the Lockman Hole region and in the Subaru-XMM deep field (SXDF) region. The demise of SCUBA in 2005 left the survey only about 40% complete, but this is still larger than any previous submm survey. The current paper focuses on the SXDF region, centred at 02 18 00, −05 00 00 (J2000), and covering 247.9 arcmin 2 to the required sensitivity. Within this region, 60 sources have been uncovered (Coppin et al. 2006) . Data reduction, map making, calibration and source extraction are detailed in Coppin et al. (2006) , which also contains more details on the SHADES survey itself.
Radio identifications within the SHADES survey regions are presented by Ivison et al. (2007) . The radio data were obtained using the National Radio Astronomy Observatory's (NRAO 1 ) Very Large Array (VLA) in its A, B and C configurations, yielding 1.4-GHz images with resolutions of 1.7 arcsec fwhm and noise levels of 8.4 µJy beam −1 in the SXDF SHADES field. The techniques used for data reduction and analysis are described in detail by Biggs & Ivison (2006) . Of the 60 SMGs uncovered by SCUBA in this region, 37 have one (or more) radio identifications in this data.
The SWIRE survey is the largest of the Spitzer Legacy surveys (Lonsdale et al. 2004) . It covers a total of 49 sq. deg. in all seven of the continuum bands available to Spitzer ie. 3.6, 4.5, 5.8, 8µm using the IRAC instrument (Fazio et al., 2004 ) (referred to as IRAC bands 1, 2, 3 and 4 respectively) and 24, 70 and 160 µm using the MIPS photometer (Rieke et al., 2004 ) (referred to as MIPS 1, 2 and 3 respectively). The (5 σ) sensitivities achieved in these bands are typically 3.7, 5.3, 48, 37.7 µJy in the IRAC bands, and 230µJy in the MIPS1 (24µm) band and 20 and 120 mJy at 70 and 160µm. Catalogues for SWIRE sources are produced by source extraction at each SWIRE wavelength. These are later band-merged into a unified catalogue providing fluxes for each source at all wavelengths at which it is detected. The SHADES SXDF region is covered by the SWIRE XMM-LSS field. This is centered at RA = 02 21 20, DEC= -04deg 30' 00" and covers a total area of 9.1 sq. degrees, encompassing the whole of the SHADES region.
The Subaru/XMM-Newton Deep Field (SXDF) optical observations (Kodama et al., 2004) are among the deepest optical images ever obtained from the ground.Observations were carried out in the B, V, R, i ′ and z ′ broad bands and two narrow bands. We here use only the B, V, R, i ′ and z ′ bands. The depths reached are 27.5, 27.5, 27, 27 and 26 respectively in the five bands (AB magnitudes), measured in a 2" diameter aperture (Furusawa et al., in preparation 
THE SWIRE-SHADES SOURCES
The identification of counterparts to SMGs at other wavelengths is made difficult by large submm beam sizes -∼15" for SCUBA - (Blake et al., 2006) and is further complicated by the closeness of typical deboosted (Coppin et al., 2006) detected submm fluxes (>∼4mJy for SHADES) to the confusion limit (∼2mJy (Eales et al. 2000; Blain et al. 1998; Hughes et al. 1998 ) and the inherent faintness of most SMGs in the optical and near-IR bands (see eg. Clements et al., 2004) . Nevertheless, deep radio observations, reaching a 1σ sensitivity ∼ 10µJy at 1.4 GHz, (Ivison et al. 2007) have been successful in identifying a substantial fraction (∼65%) of the SMG population and, by providing positions for the radio counterparts of SMGs accurate to ∼0.5", allowing SMG counterparts at other wavelengths to be identified and followed up (see eg. Chapman et al. 2005) . Frayer et al. (2004) and Ivison et al. (2004) have also found that many SMGs are also detected in deep 24µm Spitzer observations, providing a complementary route to finding counterparts to SMGs. In this paper we examine the optical-to-submm SEDs of SMGs. The first step towards this goal is to find counterparts to the SMGs with greater positional accuracy than can be achieved in the submm alone. Once localized in this way, counterparts to each SMG in the optical and IRAC bands can be determined and the SED extracted. This procedure goes through the intermediate step of a radio (or 24µm) identification since the high source densities in the optical and IRAC bands at the fluxes needed to detect an SMG make it difficult to acquire an unambiguous identification in these bands themselves.
There are 60 SMGs in the SHADES survey of the SXDF. Of these, 38 have good radio associations (P<0.05, where P is the probability of a chance association). 21 of the 60 sources have good (P<0.05) 24µm associations. In all but one case (SHADES-SXDF 77) these are sources with good radio identifications as well. Some of the radio and 24µm associations are multiple. We thus have a total of 39 plausibly identified SMGs, 38 from radio, 1 from 24µm. The reliabilities of these P values were investigated through extensive simulations by Ivison et al. (2007) . They conclude that the values are reliable, but that the number of multiple identifications is higher than expected on the basis of random radio positions. They ascribe these multiple identifications to genuine physical associations though this does not necessarily mean that more than one radio source is responsible for the radio emission. This is discussed further below (Section 5.5). They further conclude that it is unlikely that any of our sources are the result of confusion ie. the mixing of two physically unrelated SMGs in the same SCUIBA beam. For more details see Ivison et al. (2007) .
We conduct a search in the SWIRE catalog for infrared sources at the radio positions (and for SHADES-SXDF 77 the 24µm position). We find SWIRE associations for 32 of these sources (31 from radio plus SHADES-SXDF 77 from 24µm), an identification rate of 82% for the radio associated SHADES sources, and 53% overall. The results of this search are shown in the appendix, which presents postage stamp images in i, IRAC 1 (3.6 µm), and MIPS 1 (24µm) for each identified source, with the SWIRE, radio and SCUBA positions indicated. In all but two cases (SHADES-SXDF69 and 88) the P statistics for these sources, indicating the probability of a chance association between the submm, radio and/or SWIRE source, are <0.05. For more details of the P value calculations see Ivison et al., (2007) . SHADES-SXDF69 and 88 have P values <0.1, but their identifications are detected at both radio and 24µm which adds credence to the association, as well as good SED fits. However these identifications should probably be treated with some caution. Two sources (SHADES-SXDF 14 and 24) have ambiguous radio identifications where one radio source with a good P value is not associated with any optical or SWIRE source. We here examine the other candidate radio identifications and find that they produce reasonable SED fits. Nevertheless these identifications are not secure. One further source, SHADES-SXDF74, has its radio ID offset from the supposed optical/SWIRE counterpart, and so should also be treated with caution.
Once a SHADES source has been associated with a SWIRE and radio source, we also extract its optical fluxes from the SXDF optical data. One additional source (SHADES-SXDF 12) is found to have an optical counterpart at the radio position, but no SWIRE infrared counterpart. The results of these associations are presented in Table 1 . We only use the IRAC bands and MIPS1 (24µm) channels to look for associations in the SWIRE catalog since the sensitivity and angular resolution in MIPS2 and 3 (70 and 160µm) are much poorer than at shorter wavelengths. However, for those sources identified at shorter wavelengths, we examine the catalogs for 70 and 160µm fluxes associated with them, finding five sources with useful fluxes. These are listed in Table 2 . The sources detected by MIPS 2 and/or 3 all turn out to be either at lower redshfits (SHADES-SXDF 21, 77 and 77) or to be amongst the most luminous in the sample (SHADES-SXDF 5, 28).
The catalog used for 24µm associations was based on a deeper extraction of the SWIRE data than in the current SWIRE public release. We used different SExtractor detection thresholds producing a 2.5σ catalog rather than the publicly available 5σ catalog, allowing us to go deeper.
Seven sources with radio associations do not have SWIRE associations. Of these, six 18, 38, 40, 50 and 55) do not have optical associations either. The remaining one (SHADES-SXDF 12) has optical but no SWIRE counterparts. Its optical fluxes have been extracted from the SXDF catalog and are given in Table 1 . The six optical non-detections clearly have a very large submm/optical flux ratio, and must be considered potential high redshift (z ≥2.5) sources on this basis. This is largely born out by the radio-submm-far-IR photo-z estimates for these sources from Aretxaga et al. (2007) , where most are expected to lie at z≥2.5. Of the 31 SHADES sources with plausible radio identifications and matching radio/SWIRE data, the one 24µm and non-radio identified source, and the one radio and optical source without matching SWIRE fluxes (33 sources in total), we confirm that 32 have believable optical-to-far-IR SEDs. For one source (SHADES-SXDF 31) the plausible radio identification does not produce a reasonable SED when the submm flux from SCUBA is combined with the opticalto-mid-IR fluxes obtained by SWIRE. Instead a nearby SWIRE/optical source that does not have observed radio emission appears to be a better SED match to the submm flux. This suggests that SMG identification through their radio counterparts is quite reliable since only 1/32 (3%) radio identified sources with SWIRE and/or optical data is not confirmed through SED analysis.
The one 24µm only identification (71) provides a reasonable SED as does the one optical/radio identification without a SWIRE detection (12).
Of our final list of 33 associations between SHADES sources and SWIRE and/or SXDF sources, 31 have associations at 3.6µm, 29 at 4.5µm, 11 at 5.8µm, 12 at 8µm, 27 at 24µm, 4 at 70µm and 3 at 160µm. One source has an optical and radio association but no SWIRE fluxes.
Ambiguous Identifications
There are a number of sources which have ambiguous identifications. These include SHADES objects where there are more than one possible associated radio source (eg. SHADES-SXDF 52) and others where, as will be shown below, the photo-z and SED fitting for the candidate counterpart identified by the radio data turns out to have problems and where there are other, alternative SWIRE sources that might be associated with the submm flux. The approach we have adopted is to use a combined χ 2 for the optical and 3.6-850 µm infrared template fitting to select the optimum photometric redshift (where there are aliases) and association (where these are ambiguous). See the Appendix for discussion of individual sources.
THE SEDS OF SHADES-SWIRE SOURCES

Photometric Redshifts and Galaxy Classificattions
With the extraction of optical-to-far-IR fluxes for each SMG, we can apply photometric redshift techniques to this data to obtain both a redshift estimate and a classification for the object's properties in both the rest-frame UV-optical-IR and mid-to-far-IR. The technique we apply is IMPZ (RowanRobinson 2003, Babbedge et al. 2004 , Rowan-Robinson et al 2007 . Our IMPZ analysis is a two stage process whereby we first obtain a redshift and classification in the optical and IRAC 1 & 2 bands, and then fit the remaining emission in IRAC, MIPS and SCUBA bands, together with any IR excess in the IRAC 1 and 2 bands, using far-IR templates.
Optical/IRAC Photo-z Estimation
IMPZ uses seven galaxy templates (E, protoE, Sab, Sbc, Scd, Sdm and Starburst -for details of these templates, including star formation history, extinction etc., see RowanRobinson et al., 2007) and three (type 1) AGN templates from Babbedge et al. (2004) , with the additional protoelliptical from Maraston (2005) , with IGM treatment and Galactic extinction corrections. At redshifts >2.5 the E template is dropped since old ellipticals are unlikely to be found at such high redshifts. Variable extinction, in addition to that already included in the templates (see Rowan-Robinson et al. (2007) for details) is allowed in the fits and combined with the templates. Additional extinction, AV, limits of 0 to 1 are used for galaxies, and Av ≤ 0.3 for AGN, unless there is clear evidence for a dust torus, in which case AV is allowed to be up to 1. A prior expectation that the probability of a given value of AV being 'correct' declines as |AV| moves away from 0 is applied. This is introduced by minimising χ 2 red + αA 2 V rather than χ 2 (where α=1.5). Rowan-Robinson et al. (2003b) found it necessary to apply absolute magnitude limits to exclude unlikely solutions, such as super-luminous sources at high redshift or very underluminous objects at low redshift. Here, the following limits are used: Absolute magnitude limits of ( -17 +z)<MB < [-22 .5+z] for z <2.5, and -19.5<MB <-25.0 for z > 2.5 for galaxies and -21.7<MB <-27.7 for AGN. The full justification of the AV and MB priors is given in Rowan-Robinson et al (2007) . Although a very small minority of SWIRE sources (< 1%) may get better fits with extra AV > 1, inclusion of this possibility leads to increased outliers due to aliasing. We have considered the possibility of higher extinctions in our SED fitting, but it can be seen from Table 2 that the submillimetre galaxies do require high optical extinction beyond what is already in the templates. The resulting photometric redshifts are expected to be accurate to ∼ 0.04 in (1 + z), based on previous studies Babbedge et al 2004; Rowan-Robinson et al. 2007 ). Due to aliasing and photometric variability issues the accuracy for the AGN will be lower, ∼ 0.2 in (1 + z). Franceschini et al. (2005) also found lower photometric redshift accuracy for their AGN in their SWIRE/Chandra study, whilst Kitsionas et al. (2005) found that, for their X-ray selected XMM-N ewton/2dF sample, the photometric redshift accuracy for AGN was < 0.2 in ∆z/(1 + z) for 75 per cent of the sample. Here, in order to successfully deal with cases where there is significant dust torus contribution to emission at 3.6 and 4.5µm, a 'double pass' of the catalogue through IMPZ is carried out: In the first pass, the 3.6 and 4.5µm data are not included in the fit if S(3.6)/S(r ′ ) >3; in the second pass the 3.6 and 4.5µm data are included in the fit provided S(3.6)/S(r ′ ) <300, except when the mid-IR fitting resulted in an AGN dust torus fit. Any mid-IR excess is fitted separately using dust templates in the next stage.
Mid-IR to Submm SED fitting
This follows the technique of Rowan-Robinson et al. (2005) . A source that has obtained a best-fitting template and photometric redshift, based on its B band to 4.5µm detections as set out above, now has its IR excess calculated by subtracting the galaxy model fit prediction from the 4.5 to 850µm data. At least two of these bands need to exhibit an IR excess (one of which is required to be 8 or 24µm) for a dust template to be fitted. All of the SHADES sources exhibit such an excess. This excess is then characterised by finding the bestfitting out of cirrus dust , M82 or Arp220 starbursts (Efstathiou et al., 2000) or AGN dust torus IR templates (Rowan-Robinson, 1995) . Each template is the result of radiative transfer models. While it is possible that for individual galaxies one could obtain better individual fits, we here wish to characterise only the broad types of IR population. Sources are allowed to be fitted by a mixture of an M82 starburst and cirrus, or by a mixture of an M82 or Arp220 starburst and an AGN dust torus, since it was found that, often, both components were required to represent the IR excess. This mirrors the conclusions of Rowan-Robinson & Crawford (1989) from fitting mid-IR SEDs to IRAS sources, and the findings of RowanRobinson et al. (2005) for Spitzer-SWIRE. In the case of a single band IR excess, an M82 SED is assumed.
Where there is more than one possible association with the 850 µm source, or where the photometric redshift solution shows the presence of aliases, we have combined the optical and infrared χ 2 s to select the best solution. The power of the 850 µm flux in selecting between infrared template fits, and its insensitivity to redshift, makes this an effective procedure. The results of the photo-z and mid-IR SED fitting are summarized in Table 3 .
DISCUSSION
The Redshift Distribution of SHADES sources
The redshift distribution of the sources discussed here is shown in Figure 1 , compared to the spectroscopic redshift distribution for radio-selected/identified submm sources found by Chapman et al. (2005) . The median photometric redshift for our SWIRE-identified sources is z = 1.44. This compares to the median of z = 2.2 from the spectroscopic and photometric redshifts for 33 Spitzer-identified SMGs in the GOODS-N 'super-map' radio-detected subsample , (the 21 secure identifications in the 'super-map' sample have the same median redshift), a median of 2.15 for the objects with spectroscopic redshifts from Chapman et al. (2005) and a median redshift of 1.52 for the Lockman Hole SHADES sources (Dye et al., 2007) . Once account is taken for the effects of the spectroscopic redshift desert at around z∼1.5, the median redshift from Chapman et al. falls to z∼ 2.
There thus appears to be a lack of high redshift sources in our sample compared to Chapman et al. and Pope et al. though we are in reasonable agreement with Dye et al.. The radio flux limit of our identifications is as deep as all but two of the Chapman fields (Lockman and SSA-13) which are a factor of ∼2 deeper, but which account for only 13 of their 76 redshifts. The redshfts measured in these two fields are somewhat higher than the rest of the sample. The GOODS-N field has a comparable depth to the deepest Chapman fields, ie. 1σ ∼ 5µJy, so this could account for the difference between the current paper and the Pope et al. (2006) redshift distribution.
The seven radio-identified sources in our sample without SWIRE/optical counterparts are potentially at high redshift or might be very heavily obscured. If we combine the redshift estimates for these sources from their radio-submmfar-IR properties from Aretxaga et al. (2007) , using their z M C phot value, then the median redshift for our sample rises to 1.9. However, there are large uncertainties in the z M C phot estimates, with 90% confidence intervals typically covering the range 2≤z≤3, and sometimes much larger. The radio non-detected sources may lie at still higher redshift. The radio non-detected subsample in GOODS-N has a median z = 2.3, for example (Pope et al., 2005) . The GOODS-N Spitzer data is significantly deeper than the SWIRE data, with, for example, 24µm fluxes reaching a 5σ sensitivity of 24µJy compared to the SWIRE limit of 106µJy, allowing their Spitzer identifications to reach higher redshifts.
A comparison between our redshift estimates, based on optical-to-submm fluxes, with those derived from the radioto-far-IR fluxes by Aretxaga et al. (2007) is shown in Figure  2 . As can be seen there is broad agreement between the two results, but there are a small number of sources where things may have gone wrong. Examining this in detail we find that there are six sources (SWIRE-SXDF 1, 3, 12, 30, 74 and 119) whose optical-submm photometric redshift lies outside the 90% confidence interval given for the radio-far-IR derived redshift from Aretxaga et al. For our sample size we would expect 3 sources to be outside this confidence interval. On examining the SED fits for these discordant objects we find that 4 of them (1, 3, 74 and 119) have cirrus-type dust SED fits. These sources have cooler dust (∼20K) than is normally expected for far-IR-luminous objects and it is likely this factor which is leading the radio-far-IR method to place them at a higher redshift than the method we have used. These sources fully account for the apparent disagreement between our and Aretxaga's redshift estimates. It is also worth noting that the identification for source 74 is potentially unreliable, though there are no indications of this from the photo-z or SED fit. Disagreements at higher redshift may well result form higher luminosity objects having a higher temperature than the ensemble average used by Aretxaga et al (2007) , though these disagreements are largely within the acknowledged statistical uncertainties.
In conclusion, the redshift distribution we recover for the SXDF region of SHADES, is consistent with previous work, given the advantages and limitations of the tech- niques we are using, with the bulk of submm galaxies lying at z∼1.5 -2.5. Furthermore, Aretxaga et al. (2007) , using radio-submm-far-IR techniques, conclude that the SXDF SHADES field has a somewhat lower redshift peak than the Lockman SHADES field (2.2 compared to 2.6). The results we derive for the radio/SWIRE identified sources are consistent with this conclusion.
Spectral Energy Distribution Fits
As well as estimating redshifts, the photo-z/SED fitting system gives an optical and far-IR SED class that has been fit to the sources. We find that the fitted optical templates are mostly star-forming classes, as would be expected if these sources are high redshift starbursts. Two of the sources, rather surprisingly, are best fitted by an Elliptical or protoelliptical template in the optical (SHADES-SXDF 3 and 5202). The first of these is a low redshift source (z phot = 0.41) with a cirrus-type far-IR SED. The second E-type source is 5202 which has an Arp220 type far-IR SED on top of an elliptical optical SED at a photometric redshift of 2.98, making it an interesting object for further study. At this high a redshift the E-type template is that of a proto-elliptical from Maraston (2005) . It is very faint in the optical, with red optical-to-3.6µm colours (Davoodi et al., 2006) , and flat 3.6-to-4.5µm colour, indicating both the SED type and the redshift. One further source, 21, has an optical SED that could be fit by a QSO SED in the optical, but this is not consistent with the IRAC 3.6 and 4.5µm fluxes. Source 21 is an interesting object in that it is detected in all Spitzer wavebands, both IRAC and MIPS. This is because it is a bright, low redshift dusty galaxy with a cirrus-type far-IR SED. . SED fits to SHADES-SWIRE sources. All of the 33 associations were succesfully modelled with the IMPz optical template fitting code (Babbedge et al 2004; Rowan-Robinson et al., 2007) , generating photometric redshifts. The infrared and submm excesses with respect to the starlight/AGN fits were modelled with a set of four templates: cirrus, M82 and Arp 220 starbursts, and an AGN dust torus model, as described by Rowan-Robinson et al (2005) . See Table 2 for details of the fits. The resulting SEDs are plotted here. Black dots are data points, error bars for these are smaller than the dots. Crosses indicate flux upper limits if these have proved significant to the fits. The fitted optical-to-far-IR SED is indicated by a solid line. Where two components contribute to the fit, typically a starburst and an AGN, these are also shown separately. AGN torus with long dashed lines, M82 starburst with dotted lines and Arp220 starburst with short dashed lines. Where there is a significant infrared excess in the IRAC 1 & 2 bands the contribution of the optical fit is also shown as a dotted line. For source 1, as a demonstration of the fits, the two non-fitting non-AGN SEDs are also shown as dotted lines.
The far-IR SEDs are more varied than the optical ones, which are dominated by star-forming types. The majority of sources, 23/33, are, as expected, Arp220-like ULIRG SEDs. However, there are also two M82-type starbursts. The M82 SED contains warmer dust, which peaks at a shorter wavelength in the far-IR, has a flatter SED from mid-to far-IR, and has a less prominent silicate absorption feature indicating less extreme obscuration towards the starburst region. Perhaps more interesting is the result that 8/33 of our sources have Cirrus-type SEDs. This suggests that cool, quiescently star-forming galaxies can make up a significant fraction (∼25%) of the submm population. Half of the cirrustype sources (4/8) lie at moderate redshift (z<1) and so could be similar to the cold SN host galaxies reported in Clements et al. (2005) . One, however, SHADES-SXDF 14, lies at z=2.24, suggesting that this kind of cool dust galaxy has a role even at high redshift, though there remain some issues with this identification (see Appendix A).
Our approach of fitting SEDs to individual objects highlights the variety of submm SEDs in this population. Approaches that obtain a generic SMG SED by fitting a single SED-template to photometry from a range of objects eg. Pope et al. (2006) will mask this variation despite the better wavelength sampling coming from combining sources at 
The Role of AGN
Our SED fits show little evidence for a significant bolometric luminosity contribution to the SMGs from AGN in the radiodetected SXDF SHADES sources. One source (SHADES-SXDF 21) may have its optical-near-IR SED dominated by an AGN, though an Sbc-type template is as good a fit. One other source (603) is a composite in the far-IR, including Arp220 starburst and AGN dust torus components where the AGN is the dominant source of luminosity by a factor of ∼2. There is some evidence for a contribution to the midto-far-IR SED coming from an AGN in five other sources (2, 4, 30, 37 and 69, though 69's identification must be treated with caution (see Appendix A)), but the AGN is not the dominant component. X-ray ) and rest-frame optical spectroscopic observations (Swinbank et al. (2004) ; Takata et al. (2006) , though this latter sample was biased towards AGN selection) found that a significant fraction of SMGs contain AGN (75% from the X-ray data, 40 -65% from rest-frame optical spectroscopy). Pope et al. (2007) , however, find fewer clear AGN hosting SMGs using mid-IR spectroscopy. Our broad-band optical/Spitzer observations cannot look for the presence of an AGN, but can examine the role of any AGN in the energetics of the objects. Our results are thus consistent with Alexander et al.'s conclusion that despite the presence of an AGN in many SMGs, they are nevertheless almost entirely powered by starbursts, with AGNi contributing to the bolometric luminosity at the ∼ 10% level. This conclusion is in line with 's analysis of the GOODS-N SMGs. We find no evidence to suggest the presence of a large fraction of compton thick AGN in our SMGs. Such objects have been found elsewhere in the SWIRE survey (Polletta et al., 2006 ), but only one of the sources discussed here is a possible Quasar 2 candidate. Our data thus supports the view that AGN, 
The Stellar Mass of the Host Galaxies:
Evidence for Downsizing?
Examination of the stellar mass of SMGs allows some insight into their broader evolutionary role. Are they, for example, massive systems, and does the nature of an SMG change with redshift? Determinations of stellar mass are usually based on the rest-frame K-band luminosity, but the exact conversion from K to stellar mass is dependent on the details of the star formation history of each object (see eg. , and Dye et al., (2007)). Given the paucity of data points for most of our sources, and the number of parameters already fitted to them, we here only consider the rest-frame K-band luminosity, derived from interpolation between our observed fluxes once redshift has been taken into account, as a surrogate for the stellar mass, and see how this varies with redshift. This is plotted in Figure 4 , along with similarly derived K-band luminosities from the significantly deeper GOODS-N Spitzer data.
The K-band luminosity of our SMGs shows a clear decline from z=3 to z=0, showing that far-IR-luminous SMGs are likely to have smaller stellar masses at lower redshifts. We find, for example, 9 objects with LK > 2 × 10 11 L⊙ between z=2 and z=3, but only one between z=0 and z=2. The comoving volume between z=0 and 2 is 75% that between z=2 and 3, so we would expect 7±3 LK > 2×10 11 L⊙, on the basis of Poisson statistics, between z=0 and 2. Instead we see only one. This would seem to be evidence for 'downsizing' in the SMG population, ie. the massive starbursts that power the submm activity are taking place in lower mass systems at lower redshifts and, conversely, in higher mass systems at higher redshifts. The term 'downsizing' (Cowie et al., 1996) has generally been used to refer to the observation that more massive galaxies seem to form their stars at earlier epochs and on shorter timescales (Thomas et al., 2005) . This effect Figure 3 -continued has been seen in both spiral galaxies (Nelan et al., 2005; Thomas et al., 2005) and in larger, more generic, galaxy samples from SDSS (Heavens et al., 2004; Jimenez et al., 2005) . Since SMGs are often thought to be elliptical galaxies in the process of formation, our possible detection of downsizing is especially interesting. Indeed the overall downsizing behaviour of SMGs suggested here seems to match that of the massive galaxies studied in the Gemini Deep Deep Survey (GDDS, Juneau et al., 2005) . Massive (M * > 10 10.8 ) galaxies in GDDS were found to have a high, bursting, star formation rate at z∼ 2 which subsequently declines while intermediate mass systems (10 10.2 < M < 10 10.8 ) have peak star formation rates at z∼1.5 which then decline more slowly. It should also be noted that, if this effect is real, then galaxy formation for the progenitors of SMGs must be sufficiently rapid to produce massive galaxies at redshifts ∼ 2.5.
Our putative detection of downsizing in the SMG population is complicated by the relatively bright flux limits of the SWIRE IRAC bands for our SHADES sources. However, the GOODS-N SMGs discussed by Pope et al. (2006) , for which much deeper IRAC data is available, follow similar downsizing-like behaviour (see Fig. 4 ), while a separate and more sophisticated analysis of the Lockman SHADES sources (Dye et al., 2007) also shows the effect.
Physical Associations
Our examination of ambiguously identified sources has revealed a number of cases where several objects appear to be physically associated with the SCUBA source. Whether this is as interacting pairs/groups or as close associations in some larger structure such as a cluster is uncertain. The clearest example of this is SHADES-SXDF 47, where three radio identified sources are candidate identifications, all lying at the same estimated redshift z = 1.3. SHADES-SXDF 27 has two non-radio IDed objects at z phot =2.01 that appear to be associated with the far-IR source, while SHADES-SXDF 28 has two radio identifications both at z phot =1.88. SHADES14 has two radio counterparts, but one of these has no optical or SWIRE detection. Given the redshift estimated for the other radio/SWIRE source in this system, z=2.24, it is quite possible that the companion to this source lies at the same redshift but is just too faint for us to see in SWIRE or SXDF. Pairs of radio sources or galaxies on a range of scales have been found for a number of SMGs (eg. Swinbank et al., 2006) . The physical sepearations between these sources range in size from 8 to 135 kpc, and thus cover the distance scales expected for both interacting pairs of galaxies and galaxy clusters. It is thus seems likely that some SHADES sources are to be found in either interacting groups or in candidate high redshift clusters.
Is this true for the rest of the population? For the bulk of the SHADES sources, there are no clearly selected companions, on the basis of radio or 24µm emission. We thus investigate the possibility of associations by examining the photometric redshifts of all potential companions within a 10" radius of the sources. This radius is chosen on the basis of correlation analysis (Serjeant et al., 2007) which suggests the presence of correlations on these angular scales. We calculate the difference in estimated redshift, ∆z between each SHADES source and all its companions and compare this to twenty reference fields offset from the SHADES sources by up to ∼0.1 degrees. If there is a real correlation in redshift between the bulk of the SHADES sources and their nearby companions then there will be an enhancement of this statistic at zero redshift difference for the SHADES sources that is not apparent for the reference fields. Figure 4 shows this comparison. As can be seen we find no enhancement in the number of objects with ∆z = 0 for the SHADES SMGs relative to the reference fields. A Kolmogorov-Smirnoff test comparing the ∆z distributions for SHADES sources and reference fields finds only a 40% probability that they are drawn from different distributions. By adding fake companions to this comparison we find that a 95% or higher significance difference between the ∆z distributions for SHADES sources and reference fields can be detected if ∼1/5 of our Table 3 . Properties of SWIRE-SHADES galaxies with plotted SEDs. Opt. type gives the optical template used for the photo-z fit (Babbedge et al.,2004; Rowan-Robinson et al., 2007) ; Lopt gives the derived optical B band luminosity; A V gives the V band extinction additional to that already included in the templates derived from the SED fit; A max V gives the total extinction to the most obscured component in the template, including both the template A V and the additional obscuration found by the fitting process (see RowanRobinson et al., 2007 , for details of extinction to all the components that make up the template SEDs); C gives the offset value used in the SED plots in Fig. 3 ; IR type gives the fitted far-IR SED template. These are 1: Cirrus; 2: M82 starburst; 3: Arp220; 4: AGN dust torus; L f ir gives the derived far-IR luminosity.
SHADES sources (ie. 7 objects) have close companions with redshift differences less than 0.15.
We thus conclude that there is no evidence that the bulk of SHADES sources have an unusual number of close companions at the same estimated redshift, based on potential companions detected by SWIRE. The small number of cases where close companions are detected, such as SHADES-SXDF 47, are thus rather unusual and may warrant further investigation. A thorough investigation of the clustering properties of SHADES SMGs is underway (van Kampen et al., in preparation).
For those sources where there appears to be a real physical association, such as SHADES-SXDF 47, there is a possibility that the submm flux might come from more than one object. However, we here assume that the submm flux comes solely from one source. This is a simplifying assumption, removing a complicating additional free parameter from our analysis, but there are a number of precedents to suggest that far-IR/submm flux in well separated merger or cluster companions is not evenly distributed between them. In the local universe examples include the ULIRG IRAS 09111-1007 which comprises two components separated by ∼40kpc. These separate components have a 4 to 1 ratio of submm flux (Khan et al., 2005) . In the more distant universe SMA observations have shown that at least one SMG with two physically associated radio IDs has submm emission from only one of these components (Younger et al., 2007) . We thus conclude that ascribing the submm emission of physically associated sources to just one of the plausible IDs is the most reasonable approach in the absence of evidence to the contrary.
CONCLUSIONS
We have examined the counterparts to radio and/or 24µm selected identifications to SHADES SXDF SMGs in the SWIRE mid/far-IR and SXDF optical surveys. We find optical and/or SWIRE sources that correspond to 32 SHADES SMGs. Six of the radio-identified SHADES SMGs in the SXDF discussed in Ivison et al. (2006) are found to have neither optical nor SWIRE counterparts. We use the optical to mid-IR fluxes obtained for the 32 cross-identified SMGs to obtain both photometric redshift estimates and template fits to the optical-to-far-IR SEDs of the SMGs. We find that the SMG population revealed here is diverse in both redshift and in SED-type. The redshifts found range from z = 0.05 to z = 3.27, with far-IR luminosities ranging from 10 10.25 L⊙ to 10 13.26 L⊙. The majority of SMGs, though, are of ULIRG-type far-IR luminosity and lie at redshifts 1.5-2.5. Most (∼60%) of our SMGs have their SEDs fitted by an Arp220-type cool starburst ULIRG template, but there are significant numbers (∼20% each) that appear to be warmer M82-type starbursts and cold cirrus-type galaxies. The appearance of several cirrus-type sources in this survey supports 's suggestion that some SMGs have a much colder dust temperature than local ULIRGs. This result is also supported Figure 4 . Rest-frame K band luminosity as a function of redshift for SMG galaxies illustrating apparent downsizing of SMG hosts. Triangles are sources from this paper, diamonds are sources from the GOODS-N 'supermap' . The lines indicate the detectable stellar mass as a function of redshift derived from the raw detection limits of the two surveys -solid line for the SHADES/SWIRE sources, dashed line for the GOODS-N sources. Some of the SHADES/SWIRE sources lie beneath this line as a result of extrapolation from adjacent bands when a source is not detected in the band closest to the emitted-frame K band. Despite the GOODS-N survey having a much deeper flux limit than SWIRE, the downward trend of stellar mass with redshift is similar for GOODS-N and SHADES/SWIRE sources. This suggests the decline in K band luminosity, and thus stellar mass, with redshift is real rather than a result of the sources lying close to the flux limit, suggesting that downsizing is taking place in the SMG population.
by the detection that some z∼0.5 SN1a host galaxies are submm bright but have cold dust temperatures Farrah et al., 2004) .
Our SED templates also allow us to assess the energetic contribution of any AGN that might lie in the SMG. We find no evidence that AGN make a significant contribution to the bolometric output of the SMGs in this sample, agreeing with the conclusions of Alexander et al. (2005) and Pope et al. (2006) .
We find that lower redshift SMGs appear to have lower rest-frame K-band luminosities, suggesting that galaxy 'downsizing' (Thomas et al., 2005) is at work in the SMG population. This is an expected result in the generally assumed picture of SMGs being a stage in the evolution of elliptical galaxies.
Several of our SMGs are found to either be multiple sources with two or more components, or to lie in groups or clusters. However an analysis of the photometric-redshift distributions of all sources within 10" of SMGs finds no statistically significant number of companions compared to non-SMG objects.
This work represents the first stage of analysing the mid-to-far-IR SEDs of the SHADES submillimetre galaxies. The SHADES field in Lockman was observed by the Spitzer GTO teams with somewhat deeper integrations and is being discussed elsewhere (Dye et al., 2007) while specific Histogram of the redshift differences between SHADES sources and their companions within 10" (solid line) compared to redshift differences between SHADES sources and objects in 20 similar fields offset from the SHADES source by up to ∼0.1 degree (dotted line). As can be seen there is no significant difference between the two plots. We thus conclude there is no evidence for physical associations between generic SHADES sources and the general SWIRE galaxy population, even though there are clear examples of associations in specific cases.
subpopulations such as NIR-selected sources are also being investigated (Takagi et al., 2007) . Examination of Spitzer counterparts to non-radio-detected sources in the SXDF and Lockman SHADES fields is also underway (Oliver et al., in preparation; Dye et al., in preparation) , along with stacking analysis to produce population averages for undetected sources (Serjeant et al., in preparation) .
APPENDIX A: NOTES ON SPECIFIC SOURCES
We here provide postage stamp images and describe the details of specific sources where greater explanation is needed concerning their photo-z, SEDs or identification. All P values quoted here come from Ivison et al. (2007) .
SHADES-SXDF 5
This object appears in the optical as a complex chain of sources extending about 12" EW and about 5" NS. There is one radio source within this chain coincident with a SWIRE source. This SWIRE source is bright at 24µm with a P statistic of 0.008, indicating that it is very likely to be related to the SHADES source. This does not necessarily mean that the rest of the structure is not physically associated with the SHADES source. This object is also coincident with a 160µm source, and as such is one of only three 160µm detected objects in our sample.
SHADES-SXDF 6
This source is similar to SHADES 5, in that it appears in a complex group of optical and SWIRE sources. There are three radio sources close to the SHADES position. All radio sources have coincident 24µm sources. There is also a possible optical/SWIRE companion to the radio source nearest the nominal SHADES position. We extract fluxes for all of the candidate identifications and list them in Table 1 as follows: 6 is the closest radio ID, with 602 and 603 being the radio IDs lying at increasing distances, while 601 is the closer non-radio ID. Observations with the SMA have been used to determine which of these sources is responsible for the submm emission (Dunlop et al., private communication) . These show that 603 is the correct identification.
SHADES-SXDF 12
This source has no counterpart in the SWIRE catalogs, but it has a clear match between the radio ID and an optical source in the SXDF catalogs.
SHADES-SXDF 14
There are two radio sources associated with this SHADES source. The closer radio source (6" separation) is marginally brighter in the radio than the more distant source (9"), giving a better P radio of 0.04 versus 0.109 for the more distant source. However, the closer radio source lacks an optical or SWIRE counterpart. We here assume that the identification with a SWIRE source is correct for the rest of this paper, but this identification is not secure and should be treated with caution.
SHADES-SXDF 21
This source is the brightest optical and mid-IR source in our list of identifications. It is also strongly detected at 70 and 160 µm. The optical image shows a bright extended galaxy which is clearly also detected in the SWIRE bands, with the radio position lying at the centre of this source. The submm position, in contrast, lies somewhat to the east of the radio and SWIRE positions, but this is a fairly faint submm source for SHADES, and the shift in submm position relative to the radio/SWIRE positions is fully consistent with known pointing effects on faint sources (see eg. Eales et al. 2000) . The optical identification for this source is the local UV excess galaxy KUG 0215-053 (Miyauchi-Isobe & Maehara, 1998) discovered in the second KISO survey. Examples of such low redshift SMGs exist elsewhere (eg. CUDSS3.8, Clements et al. 2004) . have suggested that some such cases are the result of the low redshift object lensing a background high redshift SMG. We find that the SED of this object is entirely consistent with a low redshift cirrus origin for the far-IR and submm emission. In this case at least, the source appears to be a genuine low z galaxy with prominent cold dust emission. A spectroscopic redshift is available for this source, z=0.044, which is consistent with the photo-z estimate of z=0.05. We have used the spectroscopic redshift for the SED fits.
SHADES-SXDF 24
There are two possible radio identifications for this source. The closest radio identification has a P radio =0.014 but no optical or SWIRE counterpart. A more distant possible radio identification with P radio = 0.047 has a matching SWIRE and optical counterpart including a 24µm detection with P24 = 0.034. We extract optical and SWIRE fluxes for this counterpart and examine the resulting SED, which produces a reasonable fit to the submm emission. Nevertheless, the optical and SWIRE blank field radio ID may still be the correct identification.
SHADES-SXDF 27
The radio ID for this source has two non-radio detected SWIRE companions. All three turn out to have the same photo-z estimate, z∼ 2.0, with matching far-IR SEDs. This would thus seem to be a high redshfit cluster or group. We cannot say which of them is the SCUBA source, or whether the SCUBA source contains a contribution from more than one of these objects. The SED plotted is based solely on the optical and SWIRE fluxes for the radio ID.
SHADES-SXDF 28
There are two radio sources of similar brightness in radio, optical and SWIRE bands at similar separations (3.3" and 3.8") from the nominal SCUBA position, though the closer source is somewhat redder in its SED. The photo-z process finds similar properties for each object, both of which appear to lie at z∼1.16. Both are potential identifications, and there is also the possibility that these objects are physically associated. For the remainder of this paper we treat the nearer of the radio sources as the correct identification, but our results are not significantly different if the second source is the correct identification. The SED plotted is based solely on the optical and SWIRE fluxes of the nearer of the radio sources.
SHADES-SXDF 29
This SCUBA source initially appears associated with one of two neighbouring objects. We have extracted fluxes for both of these (in Table 1 , 29 indicates the radio associated source, 2902 the non-radio companion). Photo-z estimates for their redshifts are very similar, indicating z=0.175 Sab galaxies. However, the mid-to-far SED fit fails for both these objects, with problems at all wavelengths. This would seem to suggest that the SCUBA source is associated with neither of the two low redshift galaxies. Closer inspection of the SWIRE images suggests that there may be a third source in this complex, listed as 29+ in Table  1 , with the 3.6µm image showing an extension to the south of the eastern-most of the two possible optical associations that is not apparent in the optical. This 3.6µm extension coincides with the radio and 24µm source positions. However, because of blending with the two bright optical sources it has proven impossible for us to extract reliable optical photometry for this possible third source. Of all the SHADES objects discussed here, this is the strongest candidate gravitational lensing system, as has been suggested by Chapman et al. (2002) for some low z SMGs. More observations, for example submm interferometry, will be needed to confirm this. The source parameters given in Table 3 for this source are our best attempt at a photometric redshift using only the SWIRE fluxes for the southern extension and should be treated with caution.
SHADES-SXDF 31
The radio and SWIRE counterpart to this SHADES source lies outside the usual 6" error circle. Nevertheless the identification has a low probability of being a random association thanks to both the radio and 24µm emission (P radio =0.039, and P24 = 0.025). However, the SED fits to this source suggest a different interpretation. Despite a good photo-z fit to an Sab galaxy at z=0.62, the mid-to-far-IR SED fit is poor for this source, failing at both 24 and 3.6 µm. We thus attempt to match the SCUBA source to the nearer SWIRE source without radio counterpart designated 3102 in table 1. This does much better, yielding a z=2.21 Sab galaxy and a good mid-to-far-IR fit. We thus conclude that the radio and 24µm emission from our original identification is not associated with the submm emission detected by SCUBA, and that 3102 is likely to be the correct identification.
SHADES-SXDF 35
This source has a spectroscopic redshift of z=1.255 (Dunlop et al., private communication) which matches well with our photometric estimate of z=1.23.
SHADES-SXDF 47
There are three radio sources associated with this SHADES source, all of which have SWIRE counterparts. The closest radio counterpart is the brightest at SWIRE wavelengths and has the best SWIRE P24 value (0.015 vs. 0.048). However, the brightest, but more distant, radio source has the best radio P value (0.015 vs. 0.018) and we treat this as the primary identification (4701 in Table 1, with the other sources listed as 4702 and 4703 (the 24µm source)). We extract optical and SWIRE fluxes for all these sources and conduct photo-z and SED fits. All the sources have the same photo-z estimated redshift, z ∼1.3. They would thus appear to be physically associated. The SED fit to the optical and SWIRE fluxes of the original association (given under 4701 in table 1), along with the submm flux for this source, is good, so there is no reason to suspect that the submm emission is associated with either of the other sources.
SHADES-SXDF 52
There are two radio sources with similar radio fluxes associated with this object. The closest of them is the brightest in the optical and SWIRE bands, and is also detected at 24µm. We thus select this source as the initial identification, with the second source designated 5202 in Table 1 . However, the mid-to-far-IR SED fit for the primary identification, with a photo-z of z=0.36, has serious problems with the mid-IR IRAC fluxes. The more distant radio ID, 5202 in Table 1 , has a much better SED fit, indicating a z=2.98 (an alias favoured by the mid-to-far-IR SED over a better photo-z in the optical-near-IR of 1.97) Arp220-type mid-to-far-IR SED on top of a proto-elliptical optical SED. This second source would thus appear to be a better identification than the radio source closer to the nominal SCUBA position.
SHADES-SXDF 69
The radio source is offset from the nominal SCUBA position by 13" for this object, sufficiently far that the P calculation becomes unreliable. Nevertheless, the radio source has a bright 24µm counterpart, and is thus potentially associated with the SCUBA source. Its P value at 24µm is 0.068, though, so the identification should be treated with caution.
SHADES-SXDF 71
This source does not have a radio ID but is plausibly matched (P = 0.019) by Ivison et al. to a 24µm source.
SHADES-SXDF 74
There is a separation of 3" between the identified optical/SWIRE source and the radio position for this object. This may indicate that the association between the two is weak, so this identification should be treated with caution. Nevertheless, the photo-z and mid-tofar-IR SED show no problems for this identification.
SHADES-SXDF 76
The separation between the SCUBA position and the radio counterpart for this source is 8.5". Nevertheless the radio P value is 0.049 so it remains a likely association.
SHADES-SXDF 77
There are two radio associations for this source. The more distant association (9.5") has a coincident 24µm source, with P radio =0.093 and P24=0.021. The closer (4") radio source, and its SWIRE counterpart has a P radio =0.047 and a weak 24µm association with P24 = 0.042. The closer association is labeled 77, the more distant 7702. The photo-z and SED analyses of the primary identification are reasonable, with a photo-z of z=1.21. Nevertheless we perform the same analysis on the alternative, more distant radio/24µm identification. This source turns out to have a photo-z of z=0.96 and to have a better match for its mid-to-far-IR SED, so we thus marginally favour the z=0.96 identification.
SHADES-SXDF 88
The separation between the SCUBA position and the radio counterpart for this source is 8.85". The radio P value is 0.091 but this is also associated with a 24 µm source with a P24 of 0.079. The radio and 24µm combination suggests that this is the correct identification, but the P values indicate that this association should be treated with caution.
SHADES-SXDF 96
There are two radio associations with this source. The more distant association (12.7") has a coincident 24µm source but we follow Ivison et al. (2007) in ascribing the identification to the closer (5.4") radio source since it has a lower P value (P radio =0.039) than the more distant 24µm/radio identification (P24=0.097). No problems emerge for this identification from the photo-z or mid-to-far-IR SED fitting.
SHADES-SXDF 119
There are two radio associations with this source. The more distant association (8.4") has a coincident bright optical and SWIRE source with strong 24µm emission. This has similar radio P values to the nearer (6") radio source (0.056 vs. 0.043) but also a good 24µm P value (0.019). We thus follow Ivison et al. (2007) in ascribing the identification to the more distant 24µm source rather than to the more nearby (6") radio source which has no corresponding Spitzer or optical emission. The photo-z and SED fitting for this identification are reasonable, supporting the idea that it is the correct identification.
Postage Stamp Images at optical i band, 3.6µm and 24µm will be available in the published version of this paper and can be obtained by contacting the first author, D.L. Clements.
